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ABSTRACT
Understanding the origin of planets that have formed in binary stars is fundamental
to constrain theories of binary and planet formation. The planet occurrence rate in
binaries with a separation . 50 AU is only ∼ one third that of wider binaries or single
stars. This may indicate that a close companion has a ruinous influence on planet
formation, because it can truncate the protoplanetary disc and pump up planetesi-
mals eccentricity and collision probability. Nevertheless, observations have revealed a
few of these systems, which challenge current planet formation theories. Dynamical
interactions can deliver planets into S-type orbits. In this paper, we consider as a pos-
sible scenario for forming S-type planets in close binaries the single star-binary star
interactions that commonly take place in star clusters. We find that the final frac-
tion and orbital properties of S-type planets in close binaries are mainly determined
by the mass ratio of the stars involved in the close encounter, and the initial binary
and planet semi-major axes. Present and upcoming missions, as TESS, PLATO and
CHEOPS may shed new light on the origin of S-type planets in close binaries.
Key words: planets and satellites: general – planetary systems – stars: kinematics
and dynamics – Galaxy: kinematics and dynamics – galaxies: star clusters: general –
binaries: close
1 INTRODUCTION
The majority of & 1 M stars are observed in multiple sys-
tems, with multiplicity that is function of the stellar mass
(Duquennoy & Mayor 1991; Ducheˆne & Kraus 2013; Ragha-
van et al. 2010; Tokovinin 2014a,b). As a consequence, one
of the most generic environments to investigate planet for-
mation and dynamics is that of binary and multiple systems.
However, out of ∼ 3700 confirmed planets1 only about hun-
dred exoplanets have been found in multiple stellar systems2
(Raghavan et al. 2006; Mugrauer & Neuha¨user 2009; Roell
et al. 2012; Schwarz et al. 2016).
The progressive discovery of exoplanets in binary, triple
and quadruple stars has opened new frontiers on the study
of their origin and stability (Naoz et al. 2013; Wang et al.
2014; Thebault & Haghighipour 2015; Kraus et al. 2016; Fra-
gione et al. 2018). Most of these planets have been observed
in binary systems. According to the relative orbital config-
uration of the binary-planet system, planets in binaries can
be divided into S-type, when the planet orbits either of the
stars of the binary, and P-type (usually referred to as cir-
cumbinary planets), when the planet revolves around both
the stars (Haghighipour 2008).
? E-mail: giacomo.fragione@mail.huji.ac.il
1 http://www.exoplanets.org/
2 http://www.univie.ac.at/adg/schwarz/multiple.html
The characteristics of planets in binaries have been ex-
amined in order to check any possible deviation from the fea-
tures of planets around single stars. For S-type planets, it is
generally believed that the companion star in a wide binary
(ab & 100 AU) has only a little impact on their formation,
and their distribution has been shown to follow the same
trend of planets in single stars (Desidera & Barbieri 2007;
Roell et al. 2012). The characteristics of exoplanets in close
binaries are quite different, and the planet occurrence rate in
binaries with a separation . 50 AU is only ∼ one third that
of wider binaries or single stars. Furthermore, S-type planets
have not been found in close binaries with an orbital sepa-
ration . 3-5 AU. This may indicate that the gravitational
influence of a close companion can strongly affect in situ
S-type planet formation and habitability (Haghighipour &
Raymond 2007; Kaltenegger & Haghighipour 2013; Wang
et al. 2014; Thebault & Haghighipour 2015). Close com-
panions can truncate the S-type protoplanetary disc, thus
reducing its mass and lifetime, can pump up planetesimals
eccentricity and collision probability, and can make the typ-
ical accretion timescale much longer compared to single star
systems, so that the protoplanetary disc may dissipate be-
fore the planet is formed (The´bault et al. 2008, 2010; Xie
et al. 2011; Marzari et al. 2012; Miranda & Lai 2015). Also,
the high temperature and vertical turbulence induced by
binary perturbations on the disk may prevent planetesimal
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and then planet formation (Nelson 2000; Picogna & Marzari
2013).
Although the difficulty in forming planets in close bina-
ries, observations have revealed a few of these systems. In
Tab. 1, we report the observed S-type planets in close bina-
ries with separations ab . 50 AU 3 (Thebault & Haghigh-
ipour 2015). In some cases (marked with ”∗”), we report
objects whose mass (or minimum mass) is higher than the
conventional 13 MJ (MJ is Jupiter mass). For most of the
systems, only the projected separation between the stars
in the binary is known, and the actual orbit remains uncon-
strained. Also, the relative inclination between the planetary
and binary orbital planes is unknown.
Understanding the origin of planets that have formed in
these dynamically active environments is crucial to constrain
theories of binary and planet formation. Besides in situ for-
mation, planets may be delivered into S-type orbits by dy-
namical processes. Marzari & Barbieri (2007) suggested that
some close-binaries hosting planet in S-type orbits may have
been part of a former hierarchical triple that became unsta-
ble, thus ejecting the third star. In this scenario, the S-type
planet formation underwent when the binary pair was far-
ther apart, which was then driven to a tighter orbit during
the dynamical instability that ejected the third star. Gong
& Ji (2018) discussed that planet-planet scattering among
P-type planets, and the subsequent tidal capture, can orig-
inate S-type planets in close binaries. Little attention has
been devoted to how star interactions can shape the proper-
ties of S-type planets. Pfahl & Muterspaugh (2006) used an-
alytic arguments regarding binary-single and binary-binary
scatterings and estimated that dynamical processes can de-
posit planets in . 1% of close binaries. In this paper, we
reconsider as a possible scenario for forming S-type planets
in close binaries the single star-binary star scatterings that
commonly take place in star clusters (Leigh & Geller 2013),
by means of direct high-precision N -body scattering simula-
tions. Our planet is originally bound to a single star that has
the chance to interact with a binary star during its journey
in the cluster environment. We consider different masses for
the stars and the planet, and study the role of the orbital
semi-major axis and eccentricity of both the planet and of
the binary star. Finally, we also study the effect of the planet
mass and velocity dispersion on the dynamical formation of
S-type planets in close binaries.
The paper is organised as follows. In Section 2, we de-
scribe the initial conditions and the numerical method we
used in our simulations. In Section 3, we present the re-
sults of our N -body scattering experiments, and estimate
the number of close-binaries hosting an S-type planet that
are produced in open and globular clusters, in Section 4. Fi-
nally, in Section 5, we draw our conclusions and discuss the
implications of our findings.
2 NUMERICAL SIMULATIONS
Our numerical experiments were performed principally using
fewbody, a numerical code suited for simulating small-N
gravitational dynamics (Fregeau et al. 2004).
3 http://exoplanet.eu/planets binary/; updated on 11/07/2018
Table 1. Observed close binary stars with S-type planets: name,
planet semi-major axis (ap), binary semi-major axis (ab).
Name ap (AU) ab (AU)
Kepler 693 0.11 2.9
Kepler 420 0.38 5.3
HD59686 1.09 13.6
OGLE2013BLG0341 0.70 15.1
HD7449 2.29 18.1
HD87646 0.12 19.6
1.57∗ 19.6
HD41004A 1.63 20.2
HD41004B 0.02∗ 20.2
Gliese 86 0.11 21.1
HD196885 2.58 21.1
HD8673 2.99∗ 35.3
HD164509 0.87 36.8
K2-136 0.12 40.2
WASP-11 0.04 42.4
OGLE2008BLG092L 14.9 48.2
We summarise the initial conditions of our runs in
Table 2. The binary star is made up of equal-mass stars
(m1 = m2), with masses of 1-3-5 M. We consider initial
semi-major axis ab in the range 10 AU-100 AU, and initial
eccentricities eb = 0-0.6. The planet-host stars is taken to be
m3 = 1 M star, while the planet has mass ranging from Sat-
urn mass (mp = 0.3 MJ) to Super-Jupiter mass (mp = 10
MJ). The semi-major axis of the planet (ap) is in the in-
terval 0.1 AU-1 AU, and its initial eccentricity ep = 0-0.6.
Finally, we fix the relative velocity of the binary star and
the planet-host star to the velocity dispersion of the host
cluster, which we vary in the range vdisp = 0.3-5 km s
−1,
typical of open clusters and globular clusters. The impact
parameter is drawn from a distribution
f(b) =
b
2b2max
. (1)
In the previous equation, bmax is the maximum impact pa-
rameter of the scattering experiment defined by
bmax = pmax
√
1 +
2GMT
pmaxv2disp
, (2)
where MT = m1 + m2 + m3 + mP is the total mass of the
system and pmax is the maximum pericentre distance of the
encounter. We set pmax = 5(ab+ap) (Heggie & Rasio 1996).
Four angles describe the relative orientations and phases
of the binary star encounter with the planet-host star. Given
the plane of motion of the binary and the planet-host star,
the relative inclinations of the orbital plane of the binary
and of the planet’s orbital plane constitute the first set of
two angles. Finally, the initial relative phases of the stars in
the binary and of the planet along its orbit around the host
star add two more angles. For all our scattering experiments,
these angles are chosen randomly.
The initial separation of the binary and planet-host star
is chosen to be the distance at which the tidal perturbation
on both systems has a fractional amplitude δ = Ftid/Frel =
10−5. In the previous equation, Frel and Ftid are the relative
force and the initial tidal force between each component
of the two systems, respectively (Fregeau et al. 2004; An-
tognini & Thompson 2016). fewbody classifies the results
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Table 2. Models: mass of the stars in the binary (m1 = m2), mass of the planet-host star (m3), planet’s mass (mP ), binary semi-major
axis (ab), planet semi-major axis (apl), binary eccentricity (eb), planet eccentricity (epl), velocity dispersion (vdisp).
Name m1 = m2 ( M) m3 ( M) mp (MJ ) ab (AU) ap (AU) eb ep vdisp ( km s−1)
Model 1 1;3;5 1 1 10;20;50;100 1 0 0 3
Model 2 1;3;5 1 1 10 1 0;0.2;0.4;0.6 0 3
Model 3 1;3;5 1 1 10 1 0 0;0.2;0.4;0.6 3
Model 4 1;3;5 1 1 10 0.1;0.5;1 0 0 3
Model 5 1;3;5 1 0.3;1;10 10 1 0 0 3
Model 6 1;3;5 1 1 10 1 0 0 0.3;1;3;5
of the scattering events into a set of independently bound
hierarchies and considers a run completed when their rela-
tive energy is positive and the tidal perturbation on each
outcome system is smaller than δ. When a triple system,
as in the case of a planet orbiting a star in a binary, is
formed, fewbody checks its stability through the Mardling
& Aarseth (2001) stability criterion
aout
ain
>
2.8
1− eout
[(
1 +
mout
min
)
1 + eout√
1− eout
]2/5(
1− 0.3i
180◦
)
.
(3)
In the previous equation, min = min,1 + min,2 is the total
mass of the inner system made up of the planet and its host
star, while mout is the mass of the companion star and eout
the binary star orbital eccentricity. Finally, i is the relative
inclination between the planet orbital plane and the binary
orbital plane.
3 RESULTS
We consider in total 6 different models, as summarised in
Table 2. We ran 50k scattering experiments for each set of
initial conditions for a total of ∼ 2.7 million simulations.
In our models, we consider different mass ratios q =
2m3/(m1 + m2) by fixing the mass of the planet-host star
to 1 M and varying the masses of the stars in the binary
(assumed to be equal-mass) in the range 1−5 M. In Model
1, we study the effect of the initial binary semi-major axis,
by considering ab in the range 10-100 AU, while fixing both
binary and planet eccentricities eb = ep = 0, and the veloc-
ity dispersion vdisp = 3 km s
−1. We also set the planet mass
and semi-major axis to mp = 1 MJ and ap = 1 AU, respec-
tively. In Model 2, we analyse the effect of the initial binary
eccentricity (eb = 0− 0.6), while in Model 3, we investigate
the influence of the planet initial eccentricity (eb = 0− 0.6).
We study the effect of the initial planet semi-major axis by
varying it in the range ap = 0.1−1 AU in Model 4, and study
the role of the planet mass (mp = 0.3-10 MJ) in Model 5.
Finally, in Model 6, we investigate the effect of the velocity
dispersion by considering the range vdisp = 0.3− 5 km s−1.
Ignoring the planet, there are three possible fates of a
binary star-single star encounter: (i) the binary is disrupted
as a consequence of the fly-by of the single star; (ii) the
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Figure 1. Final distribution of the semi-major axis acb of the
dynamically formed close binaries, that host an S-type planet,
as function of the planet orbital semi-major axis apcb for m1 =
m2 = 1 M from Model 1 (ab = 10-20-50-100 AU) and Model 5
(ap = 0.1-0.5-1 AU). Shown also the observed S-type planets in
close binary stars (from Tab. 1).
binary remains bound on an a perturbed orbit; (iii) the sin-
gle star replaces one of the stars in the binary, ejecting the
former companion. During the encounter, the planet may
become unbound with respect to the system, remain bound
to the initial host star or exchange host. Table 3 reports all
the different parameters of all the runs considered in this
work, along with the relative rates (in percent) of dynami-
cally formed binaries (fbp) and close binaries (fcbp; binary
semi-major axis 6 50 AU) with an S-type planet. The final
rates depend almost only on ab, ap and q. The initial binary
semi-major axis largely determines the success rate of dy-
namically formed binaries with a planet. Typically, this hap-
pens when one of the two stars in the binary is exchanged
with the planet-host star. For q = 1, binaries with initial
semi-major axis of 10 AU, 20 AU, 50 AU, and 100 AU pro-
duce dynamically planet-host binaries in ∼ 2.15%, ∼ 4.13%,
∼ 6.12%, and ∼ 6.55% of the encounters. However, while in
the first two cases all the binaries are close binaries, only
∼ 20% of them have final semi-major axis 6 50 AU in the
MNRAS 000, 000–000 (0000)
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Table 3. Results: mass of stars in the binary (m1 = m2), mass of the planet-host star (m3), planet’s mass (mP ), binary semi-major axis
(ab), planet semi-major axis (ap), binary eccentricity (eb), planet eccentricity (ep), velocity dispersion (vdisp), final fraction of binaries
that host a planet (fbp), final fraction of close binaries that host a planet (fcbp).
m1 = m2 ( M) m3 ( M) mp (MJ ) ab (AU) ap (AU) eb ep vdisp ( km s−1) fbp (%) fcbp (%)
1 1 1 10 1 0 0 3 2.15 2.15
1 1 1 20 1 0 0 3 4.31 4.31
1 1 1 50 1 0 0 3 6.12 1.74
1 1 1 100 1 0 0 3 6.55 0.00
3 1 1 10 1 0 0 3 0.22 0.22
3 1 1 20 1 0 0 3 0.27 0.27
3 1 1 50 1 0 0 3 0.51 0.39
3 1 1 100 1 0 0 3 0.41 0.07
5 1 1 10 1 0 0 3 0.38 0.38
5 1 1 20 1 0 0 3 0.79 0.79
5 1 1 50 1 0 0 3 0.77 0.71
5 1 1 100 1 0 0 3 0.33 0.00
1 1 1 10 1 0.2 0 3 2.06 2.06
1 1 1 10 1 0.4 0 3 2.04 2.04
1 1 1 10 1 0.6 0 3 1.73 1.73
3 1 1 10 1 0.2 0 3 0.17 0.17
3 1 1 10 1 0.4 0 3 0.23 0.23
3 1 1 10 1 0.6 0 3 0.16 0.16
5 1 1 10 1 0.2 0 3 0.30 0.30
5 1 1 10 1 0.4 0 3 0.31 0.31
5 1 1 10 1 0.6 0 3 0.21 0.21
1 1 1 10 1 0 0.2 3 2.28 2.28
1 1 1 10 1 0 0.4 3 1.83 1.83
1 1 1 10 1 0 0.6 3 1.82 1.82
3 1 1 10 1 0 0.2 3 0.19 0.19
3 1 1 10 1 0 0.4 3 0.16 0.16
3 1 1 10 1 0 0.6 3 0.16 0.16
5 1 1 10 1 0 0.2 3 0.29 0.29
5 1 1 10 1 0 0.4 3 0.20 0.20
5 1 1 10 1 0 0.6 3 0.30 0.30
1 1 1 10 0.1 0 0 3 8.56 8.56
1 1 1 10 0.5 0 0 3 4.53 4.53
3 1 1 10 0.1 0 0 3 0.49 0.49
3 1 1 10 0.5 0 0 3 0.30 0.30
5 1 1 10 0.1 0 0 3 0.63 0.63
5 1 1 10 0.5 0 0 3 0.58 0.58
1 1 0.3 10 1 0 0 3 2.08 2.08
1 1 10 10 1 0 0 3 2.43 2.43
3 1 0.3 10 1 0 0 3 0.20 0.20
3 1 10 10 1 0 0 3 0.27 0.27
5 1 0.3 10 1 0 0 3 0.33 0.33
5 1 10 10 1 0 0 3 0.32 0.32
1 1 1 10 1 0 0 0.3 1.68 1.68
1 1 1 10 1 0 0 1 2.25 2.25
1 1 1 10 1 0 0 5 2.34 2.34
3 1 1 10 1 0 0 0.3 0.33 0.33
3 1 1 10 1 0 0 1 0.21 0.21
3 1 1 10 1 0 0 5 0.17 0.17
5 1 1 10 1 0 0 0.3 0.36 0.36
5 1 1 10 1 0 0 1 0.30 0.30
5 1 1 10 1 0 0 5 0.35 0.35
case of ab = 50 AU. These results are a factor of a few
larger than the previous analytical estimates by Pfahl &
Muterspaugh (2006). We find almost no dynamically-formed
close binaries with a planet when ab = 100 AU. Smaller ini-
tial planet semi-major axes produce a larger number of sys-
tems. Actually, the planet is likely ejected during a close en-
counter since it is the less massive object in the interaction.
The mass ratio also determines the number of dynamically
formed binaries, which for q < 1 is typically a factor of ∼ 5-
10 times smaller than the equal-mass case. In these cases,
the planet likely becomes unbound during the close interac-
tion with the massive binary. The initial binary and planet
MNRAS 000, 000–000 (0000)
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Figure 2. Semi-major axis distributions of the S-type planets in
close binaries in Model 4 for m1 = m2 = 1 M (mass ratio q = 1).
Planet orbital semi-major axes are typically distributed around
a central value that corresponds to the initial planet semi-major
axis ap.
eccentricities, the planet mass and the velocity dispersion
do not affect significantly the final rates.
3.1 Planet and binary semi-major axis
distributions
Figure 1 shows the final distribution of the semi-major axis
acb of the dynamically formed close binaries, that host an S-
type planet, as function of the planet orbital semi-major axis
apcb. We report the final acb and apcb for m1 = m2 = 1 M
(mass ratio q = 1) from Model 1 (ab = 10-20-50-100 AU)
and Model 5 (ap = 0.1-0.5-1 AU). We also plot for refer-
ence the current observed S-type planets in close binary
stars (Tab. 1). Different regions of the acb-apcb plane are
populated by close binaries formed from binaries with dif-
ferent initial semi-major axis. The larger the initial ab, the
broader the semi-major axis distribution. We find that the
typical semi-major axis of a close binary that hosts an S-
type planet is comparable to the initial binary semi-major
axis, when ab < 50 AU. This corresponds to the cases where
all the final planet-host binaries are close-binaries. In the
case ab = 50 AU, only a few of the planet-host binaries are
close binaries. The unequal-mass cases (q < 1) are qualita-
tively similar in the plane acb-apcb, but the final number of
dynamically formed close binaries with a planet is a factor
of ∼ 5-10 times smaller. The location on the acb-apcb plane
is also set by the initial planet semi-major axis. Figure 2
illustrates that the semi-major axes of dynamically formed
S-type planets, acb, are typically distributed around a cen-
tral value that corresponds to the initial planet semi-major
axis. If a close binary that host an S-type planet was formed
dynamically as a consequence of a close encounter between a
binary star and a planet-host single star, the plane acb-apcb
offers an important tool to understand and trace its origin.
0.0 0.2 0.4 0.6 0.8 1.0
epcb
0.0
0.2
0.4
0.6
0.8
1.0
N(
<
e p
cb
)
ep = 0.0
ep = 0.2
ep = 0.4
ep = 0.6
Figure 3. Eccentricity of the S-type planets in close binaries in
Model 3 for m1 = m2 = 1 M (mass ratio q = 1). The initial
eccentricity of the planet shapes the eccentricity of the S-type
planets: the larger ep, the larger the typical epcb.
3.2 Planet eccentricity
As discussed, only the mass ratio q, the initial binary semi-
major axis ab, and the initial planet semi-major axis ap play
a role in determining the final fraction of dynamically formed
S-type planets in close binaries. While the initial planet ec-
centricity does not affect the fraction of formed systems, it
influences the final eccentricity of the planet. Figure 3 shows
the cumulative distribution of the eccentricity of the S-type
planets in close binaries in Model 3 for m1 = m2 = 1 M
(mass ratio q = 1). The initial eccentricity of the planet
shapes the eccentricity of the S-type planets: the larger ep,
the larger the typical epcb. While ∼ 60% of the planets have
epcb . 0.4 when ep = 0, this fraction decreases to ∼ 10% in
the case ep = 0.6.
3.3 Planet inclination
The relative inclination of the S-type planets is a fundamen-
tal quantity, still unconstrained, that affects the probability
of observing these planets (Martin 2017). Figure 4 shows the
cumulative distribution of the orbital inclination of the S-
type planets, with respect to the host binary orbital plane,
in close binaries in Model 5 for m1 = m2 = 1 M (mass
ratio q = 1). The inclination distribution is nearly indepen-
dent of the planet mass, and is also independent of the other
parameters taken into account in this work. We note that
there are a few systems within ∼ 40 deg-140 deg. This angle
window corresponds to the Kozai-Lidov window, where the
conservation of the angular momentum of the 3-body system
dictates oscillations in the planet orbital eccentricity and in-
clination (Kozai 1962; Lidov 1962). As a consequence of the
variations in the eccentricity, which may reach almost unity
for highly inclined systems, the planet can hit the host star
and merge. Hence, these systems are almost unstable (see
Eq. 3), and S-type planets cannot exist in these configura-
tions.
MNRAS 000, 000–000 (0000)
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Figure 4. Orbital inclination of the S-type planets (with respect
to the host binary orbital plane) in close binaries in Model 5 for
m1 = m2 = 1 M (mass ratio q = 1).
4 FORMATION RATES
The parameter space of the scattering events considered in
this work is very large, and various parameters intervene
in determining the final probability of dynamically form-
ing S-type planets in close binaries. Having a precise esti-
mate of the relative importance of the mechanism we have
discussed is practically difficult, and deserves future work.
Nevertheless, we can use the results of our numerical scat-
tering simulations as a proxy to roughly estimate how often
binary-single encounters leading to the formation of a close-
binary hosting an S-type planet may have occurred within
star clusters.
We follow Portegies Zwart & McMillan (2005) and eval-
uate the overall encounter rate as
Γ ≈ fsfspfbN∗nσvdisp , (4)
where N∗ and n are the number of star within the cluster
and its density, respectively, fs and fb are the single and
binary fraction of the cluster, respectively, and fsp is the
fraction of single stars that host a planet. The latter quan-
tity depends both on the planet mass and size, and on the
physical properties of the host star, as its metallicity (Fressin
et al. 2013; Hsu et al. 2018; Narang et al. 2018). For a large
variety of systems, fsp ∼ 1-50% (Winn & Fabrycky 2015).
The cross-section of our scattering experiments is computed
from
σ = pib2maxfcbp , (5)
where b2max is calculated from Eq. 2 and fcbp from the results
of our scattering experiments (last column Tab. 3). The to-
tal number of events within a time T in NC clusters can
therefore be estimated as
N ≈ ΓT = fsfspfbN∗NCnσvdispT . (6)
After substitution
N ≈ 630
(
fs
0.5
)(
fsp
0.2
)(
fb
0.5
)(
N
1000
)(
NC
1000
)
×
×
(
n
1 pc−3
)(
σ
5× 104 AU2
)( vdisp
1 km s−1
)( T
10 Gyr
)
. (7)
Here, we have scaled the result to the typical density, number
of stars and velocity dispersion of open clusters (Portegies
Zwart et al. 2010). The cross-section has been normalized to
the average cross-section (in the case ab = 10 AU) we have
computed from our scattering experiments, for all Solar-like
equal-mass stars (m1 = m2 = m3 = 1 M). Finally, we
have scaled to the typical number of open clusters observed
in the Milky Way (Portegies Zwart et al. 2010). Our cal-
culations show that more than ∼ 600 close-binaries with a
planet in S-type orbit may have been formed through the
process studied in this paper in the open cluster system of
our Galaxy (∼ 1-2 per cluster), assuming a constant num-
ber of open clusters throughout the Milky Way’s history.
As well, the same process can occur in the core of globu-
lar clusters, where the density, number of stars and velocity
dispersion are larger than the typical open clusters (Harris
1996), thus leading to a number of systems ∼ 1000 times
larger.
5 DISCUSSION AND CONCLUSION
In this paper, we have considered as a possible scenario
for forming S-type planets in close binaries the single star-
binary star scatterings that commonly take place in star
clusters. Our planet is originally bound to a single star that
interacts with a binary star during its journey in the cluster
environment. We have studied different stellar and planetary
masses, different orbital semi-major axis and eccentricity of
the planet and of the binary star, and different velocity dis-
persion. We have found that the three main parameters that
determine the final fraction and orbital properties of S-type
planets in close binaries are the mass ratio of the stars in-
volved in the close encounter, the binary semi-major axis,
and the initial planetary orbital semi-major axis. The initial
planet eccentricity does not affect the final numbers, but
only the final eccentricity of the S-type planet. The other
parameters (planet mass, velocity dispersion and initial bi-
nary eccentricity) do not play a role in this scenario.
We have then used the results of our numerical simula-
tions as a proxy to estimate how many close-binaries host-
ing an S-type planet may have been formed in the Milky
Way’s open clusters and globular clusters, as a consequence
of single-binary scatterings. We have evaluated that ∼ 600
systems may have been formed in open clusters, while the
number of systems possibly originated in the cores of glob-
ular clusters can be as high as ∼ 105.
Understanding the origin of planets that have formed in
binary stars is fundamental to constrain theories of binary
and planet formation. If S-type systems in close binaries
cannot be formed in-situ, they should be mainly the result
of planet trapping either as a consequence of the evolution
of the stars of a binary or as a consequence of encounters,
both of which ought to be rare. Both the rarity of these event
and the difficulty in forming these planets in-situ seem to
agree with the fact that most of the campaigns for detecting
these planets have either produced no results, or the num-
ber of their discovered planets did not exceed one or two.
The recently launched TESS, along with future data by the
James Webb Telescope and upcoming exoplanets missions
like PLATO and CHEOPS, may shed new light on the ori-
gin of S-type planets in close binaries.
MNRAS 000, 000–000 (0000)
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